ABSTRACT Tarnished plant bugs, Lygus lineolaris (Palisot de Beauvois), overwinter as diapausing adults in North America. Overwintering adults were collected near Stoneville, MS from blooming henbit, Lamium amplexicaule L., and from plant debris during December and January and dissected to determine their reproductive status. Averaged over four winters, male and female tarnished plant bugs collected from henbit terminated diapause at a signiÞcantly higher rate than males and females from plant debris during each week of December and the Þrst week of January. Both sexes in each habitat were nearly all reproductive by the end of January. Adults overwintering in plant debris terminated diapause during January in the absence of a food stimulus in all 5 yr studied. This emergence was thought to be controlled by an internal clock. Laboratory and Þeld studies showed that emergence from diapause could be inßuenced by food, sex, and temperature. Adults overwintering on a suitable food source, blooming henbit, terminated diapause during December in the 4 yr studied, and males terminated diapause more rapidly than females. Food quality was important in emergence from diapause, and females on blooming henbit terminated diapause at a signiÞcantly higher rate than females on nonblooming mustard, Brassica juncea (L.) Cosson. Laboratory tests showed that diapausing adults reared in the laboratory and held at a diapause-maintaining photoperiod of 10:14 (L:D) h could be terminated from diapause by using food and temperature stimuli. The lower thermal threshold for development to reproductive adults was found to be near 10ЊC. The ability of diapausing adults to respond to food and temperature stimuli in December can enable tarnished plant bugs to take advantage of warm winters and winter hosts to produce a new generation earlier.
The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is a serious pest of cotton, Gossypium hirsutum L., in the mid-South where it is controlled almost exclusively with insecticides. Because of insecticide resistance (Snodgrass and Elzen 1995 , Snodgrass 1996 , Pankey et al. 1996 , Hollingsworth et al. 1997 , Snodgrass et al. 2009 ), alternative control measures for this pest in cotton are needed. The development of alternative control measures requires a thorough knowledge of plant bug biology. A critical part of this biology is diapause, which allows plant bugs to overwinter as unmated adults. Snodgrass (2003) used Þeld-collected tarnished plant bugs to estimate the critical photoperiod (the point on a response curve in which 50% of the insects enter diapause [Tauber et al. 1986 ]) for diapause induction in tarnished plant bugs at Stoneville, MS was 12.5:11.5 (L:D) h or around 12 September. Villavaso and Snodgrass (2004) used laboratory-reared tarnished plant bug nymphs exposed to a dynamic photoperiod that simulated civil twilight in environmental chambers to estimate the critical photoperiod as occurring on 14 September. Tarnished plant bugs can be collected as adults from host plants in every month of the year in the mid-South (Snodgrass et al. 1984) . In years with mild winters, nymphs can also be collected from hosts in every month, and a few overwintering nymphs can also be found (Snodgrass 2003) .
In the fall and winter months of November and December, henbit, Lamium amplexicaule L., begins blooming and is the most abundant host used by plant bugs for feeding and reproduction (Snodgrass 2003) . In winters in which the growth and ßowering of henbit is not stopped by a hard freeze, nymphs can be found on henbit in January with F 1 adults produced by midMarch. A hard freeze in December can kill young henbit plants, but larger henbit plants stunted by a hard freeze in January or February can begin new growth and blooming when warmer temperatures occur. If regrowth and blooming occur, F 1 adults can be produced on henbit by April. Other wild hosts also bloom during February through April and can serve as reproductive hosts. Some of the more important hosts include sour dock, Rumex crispus L.; buttercup, Ranunculus spp.; daisy ßeabane, Erigeron philadelphicus L.; sheperdÕs purse, Capsella bursa-pastoris (L.) Medicus; and butterweed, Senecio glabelus Poiret (Snodgrass et al. 1984) .
In addition to having overwintering adults active on winter hosts, part of the overwintering population can also be collected from plant debris. This was Þrst documented in the mid-South by Cleveland (1982) . Snodgrass (2003) found that the overwintering adults collected from blooming winter hosts terminated diapause in the Þeld during December in 1999 and 2001, and were nearly all reproductive by the end of December. This research indicated that plant bugs in the mid-South overwintering on blooming winter hosts could break diapause in response to the temperature and food stimuli found when the temperature in December was warm enough for hosts to bloom. For most temperate-zone insect species that overwinter in diapause, no speciÞc diapause terminating stimulus has been identiÞed (Tauber et al. 1986 ). Snodgrass (2003) also collected adults from plant debris in mid-January 2002 and found that they terminated diapause in the Þeld during January and were nearly all reproductive by the end of January. It was not known if this occurred every year. The current study was conducted to better document emergence from diapause in plant bug populations in the Þeld in the mid-South during December and January, and to use Þeld and laboratory studies to examine the effect of food and temperature on emergence from diapause.
Materials and Methods
Determination of Reproductive State in Field Populations. Overwintering adult tarnished plant bugs were collected with a sweep net from plant debris or blooming henbit in Þeld, road, and ditch margins in Washington County, MS during December and January of 2002Ð2003, 2003Ð2004, 2004 Ð2005, and 2008 Ð 2009 . Adults were collected from plant debris by sweeping dead plant material in areas where wild hosts had grown during the fall. The main host plants found in these areas were horseweed, Conyza Canadensis (L.) Cronquist; tall goldenrod, Solidago altissima L.; giant ragweed, Ambrosia trifida L.; and white heath aster, Aster pilosus Willdenow. Although diapausing adults are produced on wild hosts from September through November, sampling began in December of each year at which time all of the main fall hosts (except henbit) were senesced or dead. Sampling of plant debris before December could have captured adults that were moving between plant debris and fall hosts, which could have changed their reproductive status. Samples taken in January also were used to determine if nymphs were present on the henbit.
In December and January of 2005Ð2006, blooming henbit was not available and adults were collected only from plant debris. Emergence and growth of henbit in this year was delayed by dry conditions during October and November when rainfall was 16.3 cm below normal (21.1 cm) for the 2 mo. Henbit did not begin to bloom until the third week in January 2006 and adults were not collected from it. Weather data were obtained at http://www.underground.com. A summary of weather data for Stoneville, presenting average data for 1964 Ð1993, is found in Boykin et al. (1995) .
Collection of adults was affected by weather, and adults were mostly collected on days when there was no precipitation and the temperature was 10ЊC or higher. The collections were made at weekly intervals; however, during periods of wet or cold weather the interval was two or 3 wk. On each sample date, an effort was made to collect at least 20 adults from the plant host and from plant debris for dissection. On most sample dates, adults were collected in several locations to obtain the needed number of adults. On three dates (two times for henbit and once for plant debris) Ͻ20 adults were collected. Numbers of adults collected from the two habitats on the sample dates ranged from 12 to 205.
Tarnished plant bugs were dissected to determine their reproductive status on the day of collection or on the next day. Failure of the reproductive organs to enlarge, and hypertrophy of the fat body were the criteria used to determine diapause (Lees 1955) . Tarnished plant bugs in the process of changing from the diapause state to a reproductive state will have large to moderately sized fat bodies with reproductive organs in different states of maturity. In a female, if the ovaries were expanded with one or more mature eggs (eggs in which the operculum was developed), or enlarged ovaries with developing oocytes, had been recently mated (the genital pouch was greatly enlarged), or both (Strong et al. 1970) , it was considered to be reproductive. In males, it was often difÞcult to determine whether the testes had begun to enlarge because they were frequently covered by a membrane with a white layer of what appeared to be fat. If white ßuid was visible in the accessory glands and seminal vesicle, and the accessory glands had begun to enlarge, a male was considered to be reproductive. Adults were killed in 70% ethanol and dissected in distilled water.
Numbers of reproductive adults found on henbit and in plant debris were compared each week of November and December. Because this response was binominal (reproductive or in diapause), a generalized linear mixed model with a logistic function was used for analysis. Data were analyzed with analysis of variance (ANOVA) (ANOVA; PROC GLIMMIX; SAS Institute 2003) and experimental design was a splitplot with the two treatments (henbit and plant debris) as main units. The main unit design was a randomized complete block with years as replicate blocks. Weekly samples within years were subsamples of the main unit treatments. The subunit treatment was the two sexes.
Mustard and Henbit as Overwintering Hosts. Adult tarnished plant bugs were collected with a sweep net from cultivated mustard found in home gardens and henbit found in marginal areas near agricultural Þelds in Washington County in December 2007 and January 2008. Collections were made from both host plant species on 5, 12, and 20 December, and 7 January. Both plant species are reproductive hosts of L. lineolaris when they bloom. During the test, mustard did not bloom while henbit was in bloom. Adults were dissected (as described previously) to determine their reproductive status on the same day of collection or on the next day. Five collection sites were used for the henbit along with an additional Þve collection sites for the mustard. All of the sites were at least 2 km apart. On each collection date, the hosts were sampled until at least 10 adults from the host at each site were collected, and on most dates 20 or more adults were collected at each site. The number of adults collected ranged from 12 to 40 at each site during the four sample dates. Mean differences in the number of reproductive adults found on mustard and henbit each week were compared using a mixed-model ANOVA (ANOVA; PROC MIXED; SAS Institute 2003) with sex as a factor. Experimental design was a split-split-plot. The main unit treatments were the two hosts and the main unit design was completely randomized with locations as replications. The subunit was sex and the subsubunit was a repeated measure for 4 wk.
Survival of Adults Fed Water. Laboratory tests were conducted to determine how long adults collected from henbit or plant debris during December could survive without food. This ability is critical to an insect that terminates diapause during the winter in an environment where periods of cold weather can destroy its food source. Adult plant bugs were collected from plant debris on 11 December and henbit on 8 December 2002. Part of the adults from plant debris (205) and henbit (90) were dissected and 99% of the adults (118 males and 85 females) from plant debris were in diapause. The adults from henbit were breaking diapause and 13% of the males (seven of 54) and 45% of the females (16 of 36) were reproductive. Adults (6-to 7-d-old) from a laboratory colony maintained at the Southern Insect Management Research Unit, USDA-ARS, Stoneville, MS, also were tested. Fifty of the adults from the laboratory colony were dissected and all (28 females and 22 males) were reproductive. Thirty adults from the laboratory colony, plant debris, and henbit, were placed singly into 30-ml plastic cups (Solo Cup Company, Urbana, IL) on 9 (henbit) and 12 December (laboratory colony and adults from plant debris). The middle of each lid for a cup was replaced with organdy cloth to provide ventilation. The only food provided in each cup was distilled water. The water was supplied using a plug of Foliage Fresh Wetfoam (Floracraft, Ludington, MI). Each plug was 12 mm in diameter and 10 mm in height, and held 1 ml of water without seepage. The three groups of adults were held at 10ЊC until their death at 60 Ϯ 5% RH, a photoperiod of 12:12 (L:D) h, and in an environmental cabinet, model I-36LLX (Percival ScientiÞc, Boone, IA). A temperature of 10ЊC was used because it is close to the average high air temperature at Stoneville in December (12.2ЊC) and January (10ЊC) (Boykin et al. 1995) . The cups were checked daily for adult mortality, and water was added to the plug of wetfoam in each cup as it was needed. Dead adults from plant debris were dissected when they were found to determine if they were reproductive or in diapause. Mortality data from the experiment were analyzed using the probit model (PROC PROBIT, SAS Institute 2003). The LT 50 and LT 90 values for each treatment represented the number of days required for 50 and 90%, respectively, of the adults in the treatment to die. Differences in the LT 50 or LT 90 values for the treatments were signiÞcant if the 95% CL did not overlap. The ages of the adults collected from henbit and plant debris were not known, and the LT 50 and LT 90 values from the test do not estimate survival from the time the plant bugs became adult. Rather, the values estimate how long these adults could survive if denied food in the three physiological states they were in, reproductive (laboratory colony), breaking diapause (henbit), and in diapause (plant debris).
Effect of Sex, Food, and Temperature. A laboratory test was conducted during May and June 2007. All rearing of tarnished plant bugs was done in environmental cabinets, and plant bugs used were obtained from a colony at the Southern Insect Management Research Laboratory, USDA-ARS, Stoneville, MS. This colony was reared on artiÞcial diet and methods developed by Cohen (2000) . The colony was established in February 2002 by using plant bugs collected from weedy hosts found near Starkville and Stoneville, MS. Field-collected adults were added to the colony each year to maintain colony vigor. Diapausing adults were produced for the study by rearing nymphs (Ͼ10,000) on artiÞcial diet at 25ЊC at a diapauseinducing photoperiod of 10:14 (L:D) h. The nymphs hatched over a 2-d period (1Ð2 May) from oviposition gel packets (Cohen 2000) . All rearing was done using clear plastic shoe boxes (25 by 35 by 12 cm) whose lids were cut out and replaced with organdy cloth. Newly emerged adults were Þrst observed on 15 May and these were removed each day until the required number of adults needed for the test (Ͼ5,000) emerged on the same day, which occurred on 17 May. Two hundred of the newly emerged adults (102 males and 98 females) were dissected and all were in diapause. Most of the remaining adults were placed into rearing containers (plastic shoe boxes) using 200 adults per container and 24 containers. Four environmental cabinets were available for the test. Two environmental cabinets were set at 25ЊC (the temperature at which they were reared as nymphs) with a diapause-maintaining photoperiod of 10:14 (L:D) h, and the remaining two cabinets were set at the near average high air temperature during the winter at Stoneville of 10ЊC and the same photoperiod. The food treatments used were broccoli and a 10% solution of honey in water. Broccoli is an excellent food on which tarnished plant bugs can be reared (Snodgrass and McWilliams 1992) . Honey is a poor food in that it supplies sugars for energy but has very little protein for growth and reproduction. Three containers of adults fed broccoli were placed into each of the four environmental cabinets, and each environmental cabinet also received three containers of adults fed a 10% solution of honey in water. The honey was fed to the adults by using pieces of Foliage Fresh Wetfoam (Floracraft, Ludington, MI). Each piece was Ϸ15 by 15 by 10 mm and 6 Ð 8 pieces were used per rearing container. The pieces were saturated with the honeyÐwater solution without leakage. The broccoli was cut into pieces containing mostly ßorets and placed into coffee Þlters (8-cm basal diameter and 5 cm tall) containing a folded paper towel in the bottom. The use of the coffee Þlter and paper towel made changing the broccoli easier and prevented problems with mold by absorbing liquid from the broccoli as it aged. Three coffee Þlters with broccoli were used per container of adults, and the broccoli and foam pieces with honeyÐwater were changed at 2-d-intervals. Fifteen adults from each rearing container (45 adults from each of the food treatments in each environmental cabinet) were dissected at 7-d-intervals for six intervals or a 42-d-period to determine their reproductive state.
The experimental design was a split-split-plot with temperature as the main unit. Each environmental cabinet served as a main unit replication. The subunit was food (broccoli or honey), and each container with 200 adults was a replicate of the food effect and a subsample of the temperature effect. The subsubunit was a repeated measure of time. The numbers of males and females that terminated diapause when fed honey water and held at 10 and 25ЊC were very low and the food effect was dropped from the statistical analysis. Data from the adults fed broccoli at the two temperatures was analyzed with ANOVA (ANOVA; PROC MIXED; SAS Institute 2003). The initial analysis found a strong linear trend for termination of diapause at the two temperatures over time. It also showed that the variance in the number of adults which became reproductive in the two temperatures was unequal. This was determined by comparing AIC model Þtting criteria (Akaike 1974) in an ANOVA that assumed equal variance with an ANOVA that assumed different variance. Therefore, the Þnal ANOVA used on the data allowed different variance in the two temperature groups and analyzed the data as a linear trend over time. The slopes of the four lines (males and females at 10 and 25ЊC) from the data analysis were compared for signiÞcant differences by using an F test for homogeneity of the slopes.
A Model for Diapause Termination for Adults Held at Four Temperatures on Broccoli. Newly-emerged diapausing adults were obtained using artiÞcial diet as described in the previous experiment. In total, 100 adults (44 males and 56 females) were dissected and found to be in diapause. The remaining adults were divided into groups of 150, and each group of adults was held on broccoli ßorets in plastic shoe boxes as described in the previous experiment. The adults were held in four environmental cabinets at a diapausemaintaining photoperiod of 10:14 (L:D) h. Different temperatures (10, 15, 20, and 25ЊC) were used in each environmental cabinet, and four of the plastic shoe boxes with 150 adults per box were placed in each environmental cabinet. Ten male and 10 female tarnished plant bug adults from each shoe box (40 of each sex at each of the four temperatures) were dissected to determine their reproductive status when the adults were 7, 14, 21, 28, and 35 d of age. Experimental design was a split-plot where the main unit consisted of the four temperatures and the subunit was a repeated measurement of reproductive status over time (7-dintervals) . The effects of temperature and time on emergence from diapause were modeled using a response surface with the following form: % reproductive ϭ intercept ϩ slope1 * temperature ϩ slope2 * day ϩ slope3 * temperature * day.
The response surface model was Þt to the data by using PROC MIXED (SAS Institute 2003) with the response surface model as Þxed effects and the splitplot error structure as random effects. Because there was only one environmental cabinet for each temperature tested, an effect also was included in the random statement for lack-of-Þt. Boykin et al. (1995) . minated diapause at a signiÞcantly higher rate than the males and females in plant debris during December and the Þrst week in January ( Table 2 ). The proportion of males that were reproductive was also significantly higher on henbit during the second week in January. There was no signiÞcant difference between henbit and plant debris with regard to the proportion of females that were reproductive during the second week of January. During the remainder of January, henbit and plant debris did not differ signiÞcantly with regard to the proportion of males and females that broke diapause. Males and females from henbit and plant debris were nearly all reproductive by the end of January. No nymphs were found during January on henbit during the study. Mustard and Henbit as Overwintering Hosts. The mean percentages of males that terminated diapause on blooming henbit were similar to those found for males from nonblooming mustard in all 4 wk of the test (Table 3) , and the differences in each week were not signiÞcant. Females from henbit terminated diapause more rapidly than did females from mustard and signiÞcant differences (F ϭ 11.12; df ϭ 1, 11: P Ͼ F ϭ 0.009) were found between henbit and mustard based on the proportion of females that had terminated diapause. The mean percentages of reproductive females on henbit were signiÞcantly higher than those for females on mustard on 12 and 20 December and 7 January (Table 3 ). On 7 January most of the females on henbit (89.5%) were reproductive, whereas only about half (53.5%) of the females from mustard were reproductive.
Results

Determination of Reproductive
Survival of Adults Fed Water. The LT 50 and LT 90 values for the reproductive laboratory colony and for the adults terminating diapause from henbit were not signiÞcantly different (Table 4 ). The LT 50 and LT 90 values for the two adult groups were about four and 7 wk, respectively. It required 70 and 55 d for all the adults from henbit and the laboratory colony to die, respectively. During the Þrst 35 d for the adults from henbit, 21 males died, and 19 of these were reproductive. During the last 35 d, nine males died that were all reproductive. Eleven females were dead in the Þrst 35 d and four of these were reproductive. Five of the nine females that died during the last 35 d of the test were reproductive. The diapausing adults from plant debris had signiÞcantly higher LT 50 and LT 90 values than were found for the reproductive laboratory adults and the adults from henbit that were breaking diapause. The LT 50 and LT 90 values for the adults from plant debris showed that after about eight and 15 wk, 50 and 10%, respectively, of the adults were still alive. In total, 109 d were required for all the adults from plant debris to die. During the Þrst 23 d, six males in diapause died, whereas in the rest of the test, all of the males (8) that died were reproductive. Three diapausing females died during the Þrst 27 d of the test, 12 of 13 females that died were reproductive during the remainder of the test. One diapausing female died on day 73. It was not possible to determine when each adult terminated diapause because they were not dissected until they were dead. The Þrst dead reproductive male was found dead on day 26, whereas the Þrst dead reproductive female was found dead on day 52. Effect of Sex, Food, and Temperature. Only two females (1/42 and 1/74 dissected when held at 10Њ and 25ЊC, respectively) fed honey water during the test became reproductive. No males fed honey water became reproductive held at 10ЊC (0/142 dissected), whereas only 10 males (10/82 dissected) became reproductive on honey water held at 25ЊC. Emergence from diapause was signiÞcantly higher for males and females held on broccoli at 25ЊC as compared with males and females held on broccoli at 10ЊC (Fig. 1) . No signiÞcant difference in emergence from diapause was found between males and females held on broccoli at 25ЊC. Males held on broccoli at 10ЊC emerged from diapause at a signiÞcantly higher rate than did females.
A Model for Diapause Termination for Adults Held at Four Temperatures on Broccoli. The response surface regression explained 94% (r-square) of the female temperature ϫ time treatment mean effect, and 95% of the male temperature ϫ time treatment mean effect. The temperature and time interaction term was signiÞcant (P Ͻ 0.001) for both male and female plant bugs. The equations obtained from the analysis to predict emergence from diapause at the different temperatures and times tested are shown in Fig. 2 . As seen in this Þgure, the slopes of the lines increased with time and emergence from diapause increased as both time and temperature increased. No female held at 10ЊC in the test broke diapause during the 5-wk period.
Discussion
Henbit bloomed during December in four of the 5 yr of the study and tarnished plant bug males and females on henbit broke diapause at a signiÞcantly higher rate compared with those overwintering in the absence of a food stimulus in plant debris ( Table 2) . The emergence of adults on henbit from diapause occurred at a diapause-maintaining day length of Ͻ11 h found in the Þeld during December. Mean high air temperatures during December in the 5 yr ranged from 12.22 to 13.33ЊC with mean low air temperatures ranging from 0.39 to 2.82ЊC (Table 1) . The outside air temperatures were not constant as were those tested in the laboratory. However, the average high temperature was above 10ЊC each December and the tarnished plant bugs broke diapause every year during December in which blooming henbit was present. Despite having reproductive adults on henbit during a The laboratory adults were newly emerged and were reproductive. The adults from henbit and plant debris were collected in the Þeld on 8 and 14 December 2002, respectively. The adults from henbit were breaking diapause, whereas those from plant debris were in diapause. Fig. 1 . Effect of temperature on emergence from diapause (% reproductive) in female and male tarnished plant bugs held on broccoli at 10 or 25ЊC and a day length of 10:14 (L:D) h. Slopes (ϮSEM) found at the end of each line not followed by a common letter are signiÞcantly different based on an F-test for homogeneity of the slopes. January of the 4 yr, no nymphs were collected from henbit in January. The only January that was probably warm enough for nymphs to be present was in 2006. However, dry conditions in the fall of 2005 prevented blooming henbit from being available in January of 2006. In a previous study (Snodgrass 2003) , oviposition on henbit occurred, and nymphs were found in January of 1999 and 2000 with F 1 adults produced Ϸ4 wk earlier (second and third weeks of March) than were found in 2001 (second and third weeks of April). The main advantage to producing a new generation as early as possible could be higher survival because of less competition for food and reduced mortality by predators and parasites.
The host plant on which tarnished plant bugs fed during December affected the termination of diapause in the overwintering adults. The adults from the mustard had a mixed response in that males broke diapause at a lower (but not signiÞcant) rate than did males on henbit (Table 3) . Females on mustard broke diapause at a signiÞcantly lower rate than did females on henbit in three of the four test weeks. Apparently the nutrients supplied by mustard leaves and stems were enough to allow males to terminate diapause, but were marginal for females. Tarnished plant bugs use most host plants for reproduction only when ßower buds, blooms, or developing seeds and fruit are present (Snodgrass et al. 1984) . Blooms provide a food source rich in protein and other nutrients and the absence of blooms in the mustard may have been the primary cause for lower emergence from diapause in males and especially in females from mustard.
In our laboratory test on the effect of sex, food, and temperature on emergence from diapause, only two females (2/116) terminated diapause when held at 10 and 25ЊC on honey water (a poor food source made up mostly of sugars) at a day length of 10:14 (L:D) h. Males and females in this test held on a suitable food source (broccoli ßorets) began terminating diapause within 2 wk when held at 25ЊC (Fig. 1) . At 10ЊC, little emergence from diapause occurred in females, whereas Ϸ20% of the males were reproductive after 5 wk. In this laboratory test and in the laboratory test on the effect of temperature on emergence from diapause (Fig. 2) , 10ЊC appeared to be near the lower thermal threshold (Tauber et al. 1986 ) for development from diapause to the reproductive state. The results from these laboratory tests and the Þeld test with henbit and mustard showed that food and temperature can be stimuli that will help cause diapausing adult tarnished plant bugs to terminate diapause during diapause-maintaining day lengths. Sex was also a factor in that male plant bugs broke diapause in the Þeld and laboratory tests earlier than females. Males were also more responsive to temperature in the laboratory test where diapausing adults were held on broccoli at four temperatures (Fig. 2) . None of the females were predicted to terminate diapause after 35 d when held at 10ЊC, whereas Ϸ10% of the males were predicted to do so using the equations developed using a response surface. This was close to the results found in the laboratory test on the effect of sex, food, and temperature in which males held on broccoli at 10ЊC were 20% reproductive after 35 d (Fig. 1) .
The ability of adults that terminate diapause (and convert most of their fat reserves for use in reproduction) to survive without food can be critical if they emerge from diapause on henbit and extended cold periods occur during December or January, which kills host plants. Our laboratory test in which adults were fed only water (Table 4) showed that Ϸ50% of plant bugs from henbit that were emerging from diapause could survive on only water for Ϸ29, d whereas Ϸ10% would be alive after 51 d. These test results indicated that at least some of the adults might survive without food into February when several other host plants would become available (Snodgrass 2003) . However, a constant temperature of 10ЊC was used in this test, whereas in the Þeld this temperature would vary and our laboratory results may not predict what actually occurs in the Þeld. It is not known whether or not having the part of the population on henbit reproductive at the end of December would give them any advantage over the part of the population in plant debris in producing a new generation in winters in which they were unable to use reproductive hosts in January. It might be a disadvantage depending on how many of these adults survived until suitable hosts and temperatures for reproduction occurred in February.
The tarnished plant bugs from plant debris held on water at 10ЊC and a day length of 10:14 (L:D) h survived signiÞcantly longer on the water diet than did the reproductive laboratory colony adults and adults from henbit (Table 4) . This was expected because they had hypertrophied fat bodies and they were not breaking diapause (see Table 2 ) when they were collected (11 December) from the Þeld. The Þrst dead reproductive males were found after 26 d and the Þrst dead reproductive female was found at 52 d. It is important that eight of 14 males (57.1%) and 12 of 16 (75.0%) females were reproductive when they died. Tarnished plant bugs overwintering in diapause in plant debris appear to have an internal clock (Saunders 1981) that makes them emerge from diapause during January in the absence of a food stimulus. This occurred in the Þeld (Table 2) in January of the 5 yr in which they were studied. This internal clock was probably the cause of 57.1% of the males and 75.0% of the females from plant debris becoming reproductive when fed only water and held near the lower thermal threshold of 10ЊC in the laboratory. These adults were Þeld-collected on 11 December and the clock was apparently set in the overwintering bugs by Þeld conditions they experienced before the collection date. Diapausing adults on henbit probably also have this clock, but food and temperature stimuli appear to be able to nullify it and allow these adults to become reproductive in December. In our laboratory test (Fig.  1) , the diapausing adults produced by rearing nymphs at 25ЊC and a photoperiod of 10:14 (L:D) h mostly (0/142 males and 1/42 females) did not break diapause when held at 10ЊC for 42 d on a poor food source (honey water). Apparently, the laboratory conditions used to produce the diapausing adults did not match those found in the Þeld and no clock was set in these bugs.
The average date for a killing freeze in the midSouth is 11 November (Boykin et al. 1995) . Diapausing adults are produced on weedy hosts from late August through part of November in years when an early freeze does not occur in October that kills the hosts. High air temperatures average 75.3Њ Ϯ 6.5Њ (24.1ЊC) and 63.6Њ Ϯ 8.2ЊF (17.6ЊC) during October and November, respectively, at Stoneville, MS (Boykin et al. 1995) . This means that during October and November diapausing adults have access to suitable food hosts at temperatures above 10ЊC. In our laboratory tests, laboratory-reared diapausing adults terminated diapause when held on suitable food at constant temperatures of 15Њ to 25ЊC (Figs. 1 and 2) . A few females have been found on wild hosts in the Þeld during October and November that were breaking diapause. These transitional females had hypertrophied fat bodies and fully developed ovaries with mature eggs (G.L.S., unpublished data). However, their numbers were low in samples taken from wild hosts in these months, and it is not known if reproductive females found without hypertrophied fat bodies were previously in diapause, but had completed the transition from diapause and lost the hypertrophied fat bodies. Consequently, the contribution that offspring from diapausing females that break diapause in October and November make to the number of overwintering adults is hard to estimate.
It is not known what percentage of the total overwintering population is found on henbit as compared with adults overwintering in plant debris in winters in which blooming henbit is present. How the overwintering tarnished plant bug population occupies the two different habitats is also unknown. This could be because of random dispersal of adults into both habitats that occurs after weed hosts senesce or are killed by a freeze. Diapause intensity might also help determine the distribution. In some insects, diapausing adults produced near the critical photoperiod are in a weaker (shorter) diapause than adults produced at day-lengths well below the critical photoperiod (Tauber et al. 1986 ). It might be that tarnished plant bugs produced near the critical photoperiod (12 September) are in a weaker diapause and seek other suitable hosts on which they remain until a killing freeze occurs usually in October or November. Henbit grows during November of most years and blooming begins in late November. It has not been determined when adult movement to henbit or plant debris occurs. Sweep net sampling does not collect all diapausing tarnished plant bugs present in plant debris in a sample area. It is not known if the uncollected part of the population would have responded the same as the adults from plant debris we tested.
Examinations of the Þeld collected and laboratory induced diapausing populations showed that the tarnished plant bug in the mid-South terminated diapause in January (the coldest month of the year) in the absence of a food stimulus at diapause-maintaining day-lengths of Ͻ11 h. Diapausing adults can also respond to food and temperature stimuli to terminate diapause during the diapause-maintaining day-lengths found in December. Diapausing tarnished plant bug populations in the mid-South that break diapause in response to food and temperature stimuli under diapause-maintaining day-lengths may be the result of natural selection caused by the availability of winter hosts in December. The ability to terminate diapause in response to temperature and food stimuli might also be a characteristic common to all diapausing tarnished plant bug populations in North America, although whether all populations have this ability is not known. Results of this study will be useful in the development of cultural and biological control measures for the tarnished plant bug in the mid-South.
